The neoclassical theory of economic growth suggests that capital inflows increase output because foreign financial capital is transformed into physical capital. This study quantifies the output gains from capital inflows by exploiting fluctuations in the price of investment relative to output. The theory predicts that capital inflows are positively correlated with the domestic price-adjusted return to capital. It also predicts that a fall in productivity in the investment good sector reduces the gains from capital inflows. In the empirical part, we find weak evidence that capital flows are driven by movements in return to capital. The gains from capital flows are found to be quite small.
Introduction
In the world of free capital mobility, capital flows from low-return to high-return locations.
In theory, capital inflows are transformed to physical capital and increase output in the recipient countries. In the empirical literature, the effects of capital inflows on economic growth have been extensively investigated using cross-country growth regressions. However, these studies have been silent about the scale of the benefits from capital inflows.
This study proposes a new methodology to quantify the benefits from capital inflows. We derive the estimation equation from a small open-economy growth model with an incomplete asset market. There are two goods: consumption good and investment good, which is produced from the consumption good. The model has two key features. First, the investment good is assumed to be nontraded and produced from output, which is homogeneous across countries. Second, the country-specific price of investment is driven by exogenous shocks on productivity of the investment good sector. These two assumptions are motivated by the following stylized facts.
First, imported investment goods such as machinery occupy a small share in the aggregate investment expenditure.
1 This suggests that prices of investment goods are largely driven by fluctuations of price of nontraded investment goods such as structure. Second, the price of investment goods relative to output is volatile particularly in developing countries. 2 Third, fluctuations in the price of investment goods relative to output is largely driven by the price of investment goods, not the price of output.
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With fluctuations in price of investment, the return to capital in our model must be adjusted by the price of investment goods relative to output. This adjustment was also proposed by Caselli and Feyrer (2007) and Hsieh and Klenow (2007) , which study differences in price of investment across countries. In the long run, capital mobility reassures that the domestic and foreign returns are equalized up to the financial frictions. In the short run, productivity shocks in the domestic investment good sector cause the domestic return to The first is about the direction of capital flows. Regardless of the long-run level of capital stock, positive productivity shocks in the investment good sector raise the return to capital trigger capital inflows. For this reason, high-income countries can attract foreign capital and benefit as recipients of capital flows. Thus, an improvement in productivity in the investment good sector offers an explanation why capital flows from low-income to high-income countries as in Lucas (1990) . To the contrary, negative productivity shocks in the investment good sector lowers the return to capital trigger capital outflows. Hence, we can exploit data on both capital inflows and outflows to estimate the model-based correlation between capital flows and domestic return. The existing empirical studies, however, exploit only information about capital inflows in their estimation.
The second finding is related to the scale of capital inflows. The correlation between the scale of capital inflows and domestic return is theoretically decreasing in the productivity in the investment good sector. This prediction results from the nontradedness of the investment good. To be specific, imported financial capital is subject to the domestic technology when it is transformed into domestic physical capital. Hence, an improvement in efficiency in producing investment good reduces the quantity of imported financial capital for a given level of domestic capital.
The last finding is about the scale of gains from capital inflows. The gain from capital inflows in terms of output per worker is increasing in productivity in the investment good sector. Again, this is because foreign financial capital is subject to the domestic technology in the investment good sector. Improvements in efficiency then increases the quantity of physical capital financed by capital inflows and the eventual output of final good.
In the empirical part, we employ a panel of 47 countries from 1970 to 2003 to construct time series of country returns. The adjustment for price of investment goods roughly doubles the standard deviation of returns. That allows us to exploit the volatility of return to estimate the correlation between net capital inflows and changes in return. The estimation also takes 2 into account possible shifts in the world return. Then, we use the predicted scale of capital inflows to compute the output gains from capital flows. This is because the theory suggests that capital inflows contribute to output growth when they are driven by fluctuations in return to capital. In theory, capital outflows also benefit households in the source countries by allowing them to reap higher return than the domestic return and increase consumption as a result. However, our study focuses on the impact of capital flows in the recipient countries.
We find weak evidence that in the capital inflows respond to movements in returns in the short run. In particular, banking flows are found to be positively correlated with the domestic return and negatively correlated with the world return, as predicted by the model.
42 out of 47 countries in our sample reap positive gains from the capital inflows. However, the inflows raise output by less than 1 percent over the entire period. The quantitative impact is actually in line with the estimate by Caselli and Feyrer (2007) . The results contrast with the finding in Henry (2003) . For all countries, gains from capital inflows are short-lived and no countries reap gains in all years in which they import capital.
Our study does not take into account potential gains through other channels such as risk-sharing in Obstfeld (1994) and Athanasoulis and van Wincoop (2000) . We also abstract from a possibility that capital inflows may raise productivity in the recipient countries.
In this aspect, ours is closely related to the work by Gourinchas and Jeanne (2006) , who theoretically investigate the effect of capital inflows on convergence of a small open economy.
However, their work is abstract from the price of investment goods and found that capital flows substantially increase output although the welfare gains are quite small.
The paper is organized as follows. The model is in the next section. Section 3 discusses the empirical methodology and results. Section 4 concludes.
Model
We first derive the investment demand function in a closed-economy growth model. The setup is similar to the Ramsey-Cass-Koopmans model. There are two goods: consumption and investment goods. The numeraire is the consumption good. The key feature is that the 3 efficiency in transforming financial capital into physical capital exogenously changes over time. For this reason, the MPK is adjusted by the price of investment good. The return on capital is also influenced by fluctuations in the price of investment good. Henceforth we refer to the price of investment good simply as price, because it is the only price variable in our model. We abstract from uncertainty for simplicity. Then we extend the model to a multi-country world in which one international risk-free bond is traded, subject to financial frictions.
Closed economy
The production function is given by a Cobb-Douglas form.
K t is the reproducible capital stock, A t is the total factor productivity (TFP) and L is the labor input.
The households maximize their lifetime utility given by
The households are also producers of the investment good. The investment good is produced from 1/λ t units of the consumption good.
With perfect competition in the investment-good market, the price of investment good relative to consumption is P t = 1/λ t . Hence, the production function of the investment good also defines the budget constraint for the households. Capital accumulation is given by:
The households choose C t maximize their utility subject to their budget constant and the 4 capital accumulation dynamics. The first-order condition or the Euler equation as follows:
Define the real interest rate as the marginal rate of substitution of consumption between
Periods t and t + 1, R t+1 = (C t /C t+1 ) −γ /β. Thus, the Euler equation implies that the real interest rate and the return to capital are equal.
where
The return to capital is the sum between the MPK and the capital gain net of depreciation. The MPK is adjusted by the price, as in Caselli and Feyrer (2007) . Define capital per effective unit of labor as
. Then output per effective unit of labor is a function of capital per effective unit of labor,
The first-order condition gives the planned level of future capital stock per effective unit of labor.
(3) and the capital accumulation give the investment per effect unit of labor:
The investment demand has the following properties.
The investment is decreasing in the rental rate of capital, as in the standard models with investment. The new insight here is that the slope in Equation (5) is decreasing in the efficiency in producing the investment good, due to the effect of efficiency on the cost of capital. To rent one unit of capital, the user of capital demands one unit of investment good or 1/λ t units of consumption good. Therefore the effective cost per unit of capital is R t+1 /λ t . As a result, a fall in the efficiency raises the effective cost of capital besides raising the price of investment good. The multiplicative effect of price of investment good on the rental rate then raises the sensitivity of investment the rental rate.
The other insight is that a fall in the efficiency shifts the investment curve downward, according to Equation (6). This is because low efficiency reduces the MPK. This mechanism thus produces a negative correlation between investment and price of investment good.
In equilibrium, the goods markets clear and thus the saving rate is equal to the investment rate. In the long run, the return on capital is determined by the growth rate of consumption.
Suppose that the TFP grows at the gross rate g and the population grows at the gross rate n in all countries. In the steady state, output and capital stock per effective unit of labor are constant. Thus, output, capital stock and consumption grow at the rate gn. The Euler equation gives the steady-state gross real interest rate, R T = (gn) γ /β, where the subscript T denote the steady state.
Then Equation (3) gives the steady-state capital stock per effective unit of labor,
. Although the long-run return is common, cross-country differences in the capital share and in efficiency create differences in the capital stock. The countries producing the investment goods efficiently have higher income per capita, all else equal.
Open economy
Assume that the domestic output and output in the rest of the world is homogeneous.
The international asset market is incomplete, and every household can issue the real oneperiod bond paying the gross real interest rate R t+1 . There are domestic financial frictions τ (0 < τ < 1). When the domestic residents buy the bond, they receive the gross interest rate (1 − τ )R t+1 . When the domestic residents sell the bond, they pay the gross interest rate 6
(1 + τ )R t+1 . Hence, in equilibrium:
where φ = 1 − τ for lenders and 1 + τ for borrowers. Let f t be the net capital inflows per unit of effective labor, and its negative value represents net outflows. Denote savings per effective unit of labor by s t . The output market clearing condition requires that the current account deficit is financed by capital inflows as follows.
We can rescale the scale of capital inflows with output per effective unit of labor as follows.
where (f /y) is the capital-flows-to-GDP ratio, (i/(λy)) is the investment rate and (s/y) is the saving rate. Denote the steady state variable byx.
In the short run, the world is subject to country-specific exogenous changes in efficiency in the investment good sector. Define percentage deviation from the steady state asx t =
and (7), we can transform (9) to percentage deviations:
Short-run deviations of capital flows from the steady state now depend on the distance between the current and future capital stock summarized in µ t . If the capital stock is far below its the steady state, it receive large volume of inflows, due to the diminishing return property of the production function. This economy will then increase output as it converges back to its steady state, in which output and consumption are higher than when the price shocks arrive. In contrast, the economy will export capitals if its capital-output is higher than the steady state. In the economy exporting capital, output falls due to capital outflows.
However, such an economy reap gains from capital outflows through higher return on capital and thus higher consumption and welfare.
Equation (10) illustrates three effects of efficiency in the investment good sector on the dynamics of capital flows. The first effect is the direct multiplier effect on the domestic return, which is captured by t . For borrowers, low efficiency implies importing large volume of foreign output for a given level of investment. For lenders, for a given level of investment low efficiency reduces the supply of output for lending to the rest of the world. For these reason, a rise efficiency in transforming financial capital reduces the volume of capital flows.
The remaining two effects of efficiency are embedded in other variables. One is its effect on the slope of investment demand in the coefficient µ t . The other one is its effect on the MPK and capital gains in R t+1 . These effects have been discussed in the previous section.
In this study, we focus on quantifying the gain from capital inflows in the recipient countries. The impact of capital inflows on the output can be computed as η t ,
The first ratio in (11) is the percentage change in the capital-output ratio caused by capital inflows in each period. The second ratio is the elasticity of output per worker with respect to capital-output ratio. 4 Consequently, η t measures the growth rate of output per worker caused by capital inflows. From (10),
The output growth rate depends negatively on price of the investment good, because foreign financial capital is subject to the domestic technology in the investment-good sector. The gains from capital flows also depend on the current level of capital stock. Countries reap
large benefits when they are far from their steady state due to diminishing returns.
Admittedly, our one-final-good model ignores the potential benefits from cross-sector differences in the return on capital. In a multi-sector world, countries can specialize in different set of goods and reap gains from cross-investing in each other. However, we do not have the industry-level data on capital flows and capital shares. For this reason, our model is constructed with a goal to evaluate the gains from capital flows at the aggregate level.
Estimating equation
We can write µ t as a function of observables.
We multiply Equation (10) by µ t to obtain the estimating equation.
where γ 1 = (α(1 − α)) −1 , and γ 2 = 1.
Empirics

Data
To calculate the return to capital, we need data on capital stock, the share of capital in output and a measure of productivity in the investment sector. We employ data of 47 countries from 1970 to 2003. Our sample is limited by the availability of the capital share data from Caselli and Feyrer (2007) . Their paper employs capital share data for 1996 for a sample of 47 countries. They employ the "'correct"' capital share which accounts for two things. One is the use of natural capital (from the World Bank) and the second is the true labor share (Bernanke and Gurkaynak (2001)). Since our paper focuses on the rate of conversion of financial flows to reproducible capital, it is crucial that our measure of the share of reproducible capital is as accurate as possible. Accounting for the natural capital share 9 in total capital reduces the estimates of the share of reproducible capital. The labor share computed uses the methodology in Gollin(2002) . Since the capital share data are available only for 1996, we assume constant capital shares over time. Although Jones (2003) argues that the capital shares are not constant, his data are not publicly available.
The capital stock is computed from the investment data in the Penn World Tables (PWT) Version 6.2 with perpetual inventory method at the 6-percent depreciation rate. The measure for output is the PPP dollar output in the PWT. The investment data we thus compute is measured in PPP dollars in terms of the output. To measure the efficiency in producing investment goods, we use the inverse of its relative price. This is the ratio between the domestic price of investment goods and that of output in the PWT.
Note that we use market risk-free interest rate as the measure of the world return. To be specific, we use 1-year U.S. treasury bill rate adjusted by inflation. Both series are from the international financial statistics (IFS). Financial flows series are also from the IFS. We exclude the public flows from our measures.
We display the summary statistics of net returns in Table 1 . Each column displays the 34-years average, standard deviation, minimum, maximum and the contribution of capital gain into the overall variance of return, respectively.
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There are three main characteristics of returns in the Table. First, returns in developing countries are much more volatile than those in developed countries. The pattern is consistent with previous studies of real interest rate using data on financial return and expected inflation such as Neumeyer and Perri (2005) . Second, the volatility of returns are predominantly driven by fluctuations of investment goods for all countries except for Korea, Spain, Jordan and Malaysia.
Finally, the U.S. average return is 6.5 percent and not necessarily much highest among industrialized countries. It ranks the 16th out of 22 industrialized countries. It is still below Ireland, Netherlands, Israel, Singapore and Korea. In this aspect, our finding is similar to that in Curcuru, Dvorak and Warnock (2007) rather than Gourinchas and Rey (2005) . The highest average return is 10 percent in El Savador. The lowest average return is -0.19 in Burundi. 
Empirical strategy
Although two coefficients in (13) are country-specific, estimating country parameters will limit the observations to the number of sample years. For this reason, we assume that the parameters are common across countries and work with a panel of 47 countries which covers the years 1970-2003. Since our panel is unbalanced due to missing observations of capital flows data, we subject the dependent and explanatory variables in (13) to the Fisher unit root test. We reject the hypothesis of unit root for all variables.
To avoid the endogeneity problem in (13), we proxy the explanatory variable with its one-period lagged variables. This is the same as assuming that the investors have adaptive expectations. In addition, we allow for the possibility that there are shifts in the world return. We calculate the world return as the real return on 10-year U.S. Treasury bill, by subtracting the inflation rate from the annual rate of return. The shocks on the world return is also subject to the multiplicative effect of efficiency in the investment good sector.
Eventually we estimate the following equation.
Theoretically, γ 1 > 0, γ 2 < 0 and γ 3 < 0. The standard errors in our regression are robust to heteroskedasticity within-country correlation of errors.
The unique feature of our model is that fluctuations in the efficiency in producing investment good cause countries to switch from exporters of capital to importers, and vice versa.
To focus on the output gains from capital inflows, we apply some criteria to obtain "modelconsistent" gains. The calculated output gains are considered "model-consistent" if all of the following conditions are satisfied. First, the model predicts capital inflows, not outflows.
This is because the model-based output gains are a function of inflows only. Second, actual flows data also indicate capital inflows. Table 2 shows coefficient estimates. The coefficient of the return terms are both significant and has the same sign as predicted by the model for only banking flows. For portfolio flows, the coefficient of the domestic return is significant but its sign contradicts the model.
Estimation results
Overall, we find weak evidence that capital inflows respond to the fluctuations of return to capital. It is reasonable that the evidence is present only in the case of banking flows, since our model features only one asset and abstracts from portfolio diversifications.
As a sensitivity analysis, we remove the adjustment by µ t suggested by model and reestimate the coefficients. The results are tabulated in Table 3 . The dependent variable is the capital-flows-to-GDP ratio. We find that only the estimated coefficient of the world return is significant in the banking flows equation. The scale of the estimates are markedly different.
This is due to the fact that µ t are very small numbers.
Next, we report the model-consistent gains from bank inflows for the countries and years in which bank inflows took place in Table 4. The table report Finally, we report the gains calculated from the coefficients estimated by the reducedform equation in Table 5 . Evidently, the gains appear much larger than the gains obtained from the model-based estimation. Still, the gains are still below 1 percent for most countries.
Our finding are in line with the study by Caselli and Feyrer (2007) who find virtually no gains from reallocating capital to equalize return across countries when the MPK is adjusted by price. The related study by Henry (2003) finds that output per worker rises by 2.3 percent over 5 years after some episodes of stock market liberalization. Alfaro and Hammel (2007) find that financial liberalization increases imports of investment goods and raises the TFP These studies also emphasize the temporary nature of gains from capital inflows, from the one-time reduction in the frictions in international capital markets. In our study, the mechanism is the cyclical nature of the return to capital which can occur long after financial liberalization. In theory, ones can argue that fluctuations of return can also rise from shocks on total factor productivity, not necessarily shocks on efficiency in producing investment goods in our model. However, the point of our study is to demonstrate that volatility of price of investment goods in the data offers a way to measure the model-based scale of capital inflows.
Concluding remarks
Our study sheds light on a classic question on what drives capital flows, and whether capital flows are beneficial. We confirm the new insight in our model with the empirical evidence, 13 that fluctuations in the price of investment goods allow both high-and low-income countries to benefit from capital inflows. We found a number of developed and developing countries to benefit from capital inflows, although the gains are quantitatively small for most countries.
That raises a question why capital flows, particularly bank flows, do not benefit a large number of countries. Based on our model and the studies by Jones (1994) , Hsieh and Klenow (2007) , the answer is in the price of investment goods. While Jones (1994) 
